The impact of preoperative gait analysis on the orthopaedic care of 97 patients (101 gait analyses) at the authors' institution was evaluated. For the 70 patients for whom a specific treatment plan had been outlined before the preoperative gait study, the treatment plan was altered in 62 (89%) after the gait analysis study. In 10 of the 70 patients with specific treatment plans before the gait study, the referring physician also served as the physician in the gait laboratory; ultimate treatment was changed in nine of these 10 patients. Of the 273 surgical procedures recommended before the gait study in the 70 patients, 106 (39%) of these procedures were not done when the gait laboratory data were considered. An average of 1.5 procedures per patient that were planned before the gait study ultimately were not deemed necessary by the treating physician after the addition of the gait data. An additional 110 procedures (1.6 per patient) that had not been recommended before the gait study ultimately were performed after addition of the gait laboratory data. This study shows that ultimate surgical intervention frequently is altered by the addition of gait laboratory data.
Computerized gait analysis has become an increasingly popular method for evaluating patients with abnormal gait patterns. 1- 5 The addition of kinetic, kinematic, and electromyographic data affords a precise method of evaluating the patient with gait deviations.
DeLuca et all showed how the addition of computerized gait data can affect treatment recommendations in children with cerebral palsy. The ultimate treatment undertaken for these patients was not evaluated in that study. The current study was done to assess the impact gait analysis had on the orthopaedic treatment of patients referred to the authors' gait laboratory.
MATERIALS AND METHODS
The charts of 97 patients who underwent 101 consecutive pretreatment gait analyses at the authors' institution between February 1992 and August 1997 were reviewed. Specific surgical plans were identified on the gait laboratory referral form be- fore the preoperative gait study in 70 patients. Twenty-seven preoperative gait studies were done for patients in whom a specific treatment plan had not been outlined. Four patients were sent to the gait laboratory specifically for bracing evaluations. The 70 patients who had a specific surgical plan outlined before operative gait analysis form the basis of the current study. Of these 70 patients, 64 had a static encephalopathy (60 with cerebral palsy, two with postmeningitic encephalopathy, one with traumatic brain injury, and one with hemiplegia secondary to Sturge-Weber syndrome). Of the remaining six patients, two had isolated foot deformities and no central nervous system lesions, two had myelodysplasia, and one each had progressive spastic paraparesis and Lennox-Gastaut syndrome.
The average age at the time of gait analysis was 9.3 2 4.1 years (range, 2.8-1 8.9 years). The average time from the gait study to surgery was 5.8 ? 3.8 months (range, 2 days-15 months) in the 67 of these 70 patients who underwent surgery after gait analysis.
There were 11 referring physicians whose patients were included in the study. Five of these physicians referred 62 of the 70 patients. There were two physicians who interpreted the gait data throughout the study period.
The charts of all patients who had preoperative gait analysis studies during this period were reviewed to determine the frequency with which the treatment plan changed after gait analysis. Comparisons were made between the treatment plan before gait analysis as identified on the gait laboratory referral form, recommendations of the physician from the gait laboratory, and ultimate treatment undertaken. If two possible treatments were mentioned as potential treatment for a problem (such as split anterior versus split posterior tibia1 tendon transfer) in the referral to the gait laboratory, and either was recommended by the physician, this was considered to constitute agreement. Similarly, if either treatment ultimately was done this was considered to constitute agreement between the initial recommendations and ultimate treatment.
The routine gait analysis evaluation includes biplanar video recording, physical examination (including muscle strength and selectivity, spasticity, joint range of motion, and rotational alignment of the extremities), three-dimensional kinetics and kinematics, and electromyography. A seven camera VICON System (Oxford Metrics, Ltd, Oxford, United Kingdom), four AMTI force plates (Advanced Mechanical Technology, Inc, Watertown, MA), and surface and fine wire electromyography were used to collect motion analysis data.
Each gait interpretation was performed by an orthopaedic surgeon in association with a physical therapist trained in gait analysis. Treatment recommendations were based on patient history and the results of the gait analysis study.
RESULTS
The gait laboratory physician's recommendations coincided with those of the referring physician for only five of 70 (7%) patients. U1-timate treatment matched that outlined on the preoperative evaluation form for eight of 70 (1 1 %) patients. No surgery was performed after addition of the gait laboratory data for three (4%) of the patients.
The average number of procedures recommended before gait analysis was 3.9 2 2.6 (range, 1-10 procedures), the average number recommended by the gait physician was 4.2 5 3.1 (range, 0-15 procedures), and the average number done was 4.0 5 3.6 (range, 0-12 procedures).
Before the gait laboratory evaluation, 273 procedures were planned by the referring physicians (for these 70 patients). The frequency with which specific procedures were planned before the gait analysis study and the frequency of changes in surgical plan after the addition of the gait laboratory data are shown in Table 1 . Of the 273 procedures planned before gait examination, 167 (61%) were done as planned, whereas 106 (39%) were not done after addition of the gait laboratory data. Of the 277 procedures ultimately perfoxmed on these 70 patients, 110 (40%) were decided on after the addition of the gait laboratory information. The relationship between procedures recommended by the physician in the gait laboratory and the treatment undertaken by the treating physician is shown for common procedures in Table 2 . Of the 36 gastrocnemius recessions ultimately performed, only nine (25%) were recommended in these same patients before the gait study. Eighteen were done in patients for whom Achilles' tendon lengthenings originally had been planned, and nine were performed in patients in whom no abnormalities were identified at the level of the triceps surae before gait laboratory examination. If all lengthenings of the triceps surae (either of the gastrocnemius or tendoachilles) were grouped together, such a lengthening was recommended for 46 extremities before the gait study. Of these 46 legs, 34 (74%) ultimately had lengthening of either the gastrocnemius or tendoachilles and 12 (26%) did not. Fifteen other extremities underwent lengthening of the triceps surae, although this had not been identified as a problem area before the gait examination.
Rotational osteotomy was recommended 30 times (for the femur or tibia) before the gait laboratory examination. Seven (23%) of these were done after the addition of the gait laboratory data. Eleven additional osteotomies that had not been planned before the gait study were performed after addition of the gait laboratory data.
For the 10 recommendations before gait analysis of split anterior versus split posterior tibial tendon transfer, there were three sides in which neither procedure was performed, and four split posterior tibial tendon transfers and three split anterior tibial tendon transfers ultimately were performed.
In 10 of the 70 patients, one of the physicians from the gait laboratory referred the patient and performed the gait laboratory interpretation. The ultimate treatment was changed in nine (90%) of these cases after the addition of the gait laboratory data. Of the 38 surgical procedures planned before the gait study, 17 (45%) ultimately were performed. Of the 41 surgical procedures ultimately performed in these 10 patients, 24 (59%) had not been planned before the gait analysis.
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DISCUSSION
DeLuca et all reported how the addition of gait laboratory data can alter recommendations for surgical intervention. However, that study did not assess the ultimate treatment of the patients. In only 51% of cases in the current study were all surgical recommendations made by the physician from the gait laboratory performed by the treating physician. Individual treating physicians often had an understanding of gait analysis and at times relied on their own evaluation of the gait data in making surgical decisions.
The recommendations of the physician from the gait laboratory were made based on the synthesis of all data available. Changes in a patient's treatment plan were recommended under many circumstances. For example, if a patient referred before planned hamstring lengthening was observed to have adequate step length and to stretch out a static contracture dynamically, such surgery was not recommended. A second example was the patient with a stiff knee gait referred for evaluation for a distal rectus femoris transfer; such surgery was not recommended if there was adequate knee flexion in initial swing or if the electromyographic data showed normal phasic activity of the rectus femoris. Other children with a crouched gait had a psoas recession recommended because of excessive tightness of the psoas, which had not been recognized before the gait analysis.
By comparing pretreatment surgical plans to ultimate surgical intervention, the current study shows how the addition of gait laboratory data ultimately affected surgical intervention. Clearly the addition of the gait data influenced surgical decision making in this study, even when the recommendations of the physician from the gait laboratory were not followed strictly.
The ultimate surgery that was done was changed in 62 of 70 (89%) patients after addition of the gait data. Although the total number of procedures performed in these pa-Number 372 March, 2000 tients was essentially the same as that outlined on the prelaboratory referral (277 actual procedures versus 273 identified on the referral), the composition of these differed markedly. Of the 273 procedures identified on the referral, 106 (39%) were not performed, whereas an additional 110 that had not been identified on the referral ultimately were performed. This means that an average of 1.5 procedures per patient that were planned before the gait study ultimately were deemed unnecessary by the treating physician after the addition of the gait laboratory data. An additional average of 1.6 procedures that were not identified before the gait study were deemed appropriate for each patient when the gait laboratory data were considered. These data reinforce the findings of DeLuca et al,l who suggested that gait analysis results in the detection of certain abnormalities that potentially may benefit from intervention and the avoidance of interventions that otherwise might have been done.
In the current study, there were 10 occasions when a physician from the gait laboratory was the referring physician, outlined a specific surgical plan before gait analysis, and then served as the physician from the gait laboratory for the same patient. For these 10 patients, ultimate treatment was changed for nine patients after the addition of the gait analysis data. Of the 38 surgical procedures planned before the gait study, only 17 (45%) ultimately were performed. Of the 41 surgical procedures ultimately performed in these 10 patients, 24 (59%) had not been planned before the gait analysis. These data suggest it is the addition of the gait laboratory data that leads to change in treatment.
In the current study, surgical intervention at all levels in the lower extremities differed markedly from the treatment identified on the gait laboratory referral form. The study may have slightly overestimated the amount of agreement between surgical plans before gait analysis and ultimate treatment. For instance, although the surgery performed agreed with the recommendations before gait analysis in seven of 10 (70%) planned split posterior versus split anterior tibia1 tendon transfer procedures, the gait laboratory data aided in the decision of which transfer should be performed in the seven patients in whom a transfer ultimately was performed.
Only nine of the 36 extremities that ultimately underwent gastrocnemius recession had been identified as requiring this operation before the gait study. One reason for this is that lengthening of the tendoachilles was recommended less frequently in the authors' iaboratory after the study by Rose et aI5 showing the excellent kinetic and kinematic results in patients after gastrocnemius recession. However, there was evidence that accurate identification of a problem at the level of the triceps surae also was problematic. Even if all lengthenings of the triceps surae were grouped together, 12 of 46 (26%) extremities in which this had been recommended before the gait study ultimately did not undergo lengthening of either the gastrocnemius or tendoachilles. In addition, 15 extremities in which no problem was identified at that level before the gait study ultimately did undergo lengthening of the gastrocnemius or tendoachilles. Thus, 15 of the 49 (31%) procedures performed at this level were in patients in whom no problems had been identified at this level before the gait laboratory evaluation.
The decision of whether to proceed with osteotomy of the long bones also frequently was influenced by the gait laboratory data. Of the 34 rotational osteotomies ultimately performed, 11 (32%) had not been identified as being indicated before the gait study. In addition seven of the 30 (23%) osteotomies planned before the gait study were not performed after the gait laboratory data were available.
The current study shows that the additional information provided by gait analysis significantly alters orthopaedic decision making in pediatric patients with gait disorders. The impact of gait analysis on patient outcome remains to be elucidated.
